Using guage invariance, a formulation analogous to the Ginzburg-Landau theory of superconductivity can be constructed and is presently under study.
Here we have emphasized the existence of a critical density p, for the formation of an infinitesimal but macroscopic pion field condensate. In a more complete treatment, we anticipate modifications due to S-wave interactions~and also shifts of the nucleon energy associated with the noncondensate virtual-pion interactions. This latter effect is probably the most important. 71-2007. R. F. Sawyer, preceding Letter [Phys. Rev. Lett. 29, 382 (1972) Phys. Rev. 162, 1683 (1967 . The above models are useful only as illustrations, but it is not difficult to construct a semirealistic model of the neutron-proton mass difference along these lines. Consider an SU(2) )3 SU (2) )3) U(1) We choose to work in the "unitarity gauge, " in which the field components y, . corresponding to Goldstone bosons are absent:
The zeroth-order vector-boson mass matrix is then (5) Now, we are only interested here in corrections to the mass matrix which change its representation content. In particular, higher-order effects will force us to renormalize the coupling constants in I, , and will change the values of the {p,)0, but these corrections will not change the representation content of I", . (y, . )0, and therefore cannot affect the mass relations which arise in zeroth order from a specification of the representation content of the fields. The only one-loop diagrams which need be taken into account here are those in which a gauge vector boson or a scalar boson is emitted and absorbed from a fermion line. A straightforward calculation gives the self-energy matrix here as M is the zeroth-order mass matrix of the scalar bosons, and II is a projection matrix, which eliminates Goldstone bosons from the sum over scalar-meson fields. Inspection of Eqs. (5) and (6) In calculating the mass matrix from (7), we may recall that a term in Z( p) with a factor ip~y +m on the extreme left or right will induce a fermion-field renormalization, but cannot shift the poles of [Epoxy +m Z(-p)] ', and hence may be dropped. With this understanding, we find that the divergent parts of Z(p) consist of a quadratically divergent term Q arising from the k"k" term in (7), (9) plus logarithmically divergent terms L"L"L"L4arising respectively from the g", and k"k~t erms in the vector propagator and from the 6, , and 11, , -6, , terms in the scalar propagator. Equations (2), (4), (6) 
